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(57) Abstract: 

PROBLEM TO BE SOLVED: To reduce contact 
resistance, and the operating current and operating 
voltage of a semiconductor, by providing a transparent 
conductive film that uses one or more kinds of metal 
elements that are mainly made of indium(ln), at least 
one kind of halogen element, and oxygen(O) as 
composition elements. 

SOLUTION: A transparent conductive film 17 is 
constituted of one or more kinds of metal elements that 
are mainly made of indium(ln), at least one kind of 
halogen element, and oxygen(O). The metal element may 
be only one kind made of In or may contain other metal 
elements in addition to In. In this case, it is required 
that the atom ratio of In for the entire metal element 
should be set to 0.5 or more. Zinc(Zn) or tin (Sn) can 
be used as the metal element that can be added to In as 
the metal element. For the first transparent conductive 
film 17, at least one kind of the halogen element and 
oxygen(O) are used as composition elements in addition 
to the metal element. 
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-f >v^A (In),* (Sn) SJiUVHR (O) 
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[0 0 3 5]-*, awWUi:i5»t&'f >v (I 
n) COJ^T-Jtl n/ (I n + S n +^^JKS^) ^J:^ 
% (S n) OK^f-JtS n/ (I n + S n+^KK^) 

X-^fb. Btf^ ? 6 0 - 9 5 a t %, f^75 ? 2 . 8-20 

a t%t^^:tWil<, fr^ ? 6 0-90 

at%. f^*^3. 0-15at%t^:W t SfiL 
50 [0 0 3 6] ±«Lfca«iW03>^^ MSfit(i, 
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[0 0 3 7] BLtttJE Lfc* 1 2 OSBOTIR 

«Mi:J;o TMt* **T § « o ^ — It ^ 1 1 1 tkmit 

[oo3 8] x/n--7 ? 'j > x o t Jiteoa^s^ 

I*Mt4»^ ? 'J >f9-yv h t LT 

[0039] zff>&&#?-yv hit, m*-i£. ee-jt 
t4awiti*i*t4jc*oi *><)«* (o) &n 

V*JU (In) , ig (Sn) , ^ ? > (Ti) i3 J: im. 

m (o) *fl|*7c*ti-4<)<o-e*4»#uii, -^oJ: 

& o 

[0 0 4 0] i-T, SHk-C >v?a£ fc(±««UJ: 

fkv^v'y-Atfr.Mk^ (flx.tfatfk'f >v*->a, «f 

>y'i)i,7*3*yK*) £. ffifkSifctiflfcfifcUJ: <9 
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-;u-5;K yx y h = ;^t-» l tfS#~0 . 0 
1 - 1 . 0 ft m<O^Hrtr-^o^g^o/c^*^# 
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y^'J>^(i> RF (ftHffi) *'<y$ M J>*\ DC 
(USE) * 'J >7*HZl i i: * * 

fii:ii-ftfii:DC^^7 * f J >WJ Lv> 0 DC* 
[0 0 4 2] -f * M >^fi^(ir;^ 

70 (i 1 X 1 0- 2 P a - 5 P a@S, 9 - Y y h fPW&K. 

ii i o o o v*iS^i-^>o 

[0 0 4 3] ttz. VmmiZ (&«*EE) ^ 

1 0 0 0 VJ2JL±-CttaW**Bt*^7X-7UJ:-6^- 

20 i±8 0 0V*i, $ ?>UfiFi L< it 5 0 0 V 

30 [0044] -tEoaw**R*^ft*aw**Biojg 
s»aw**Bt*fflv^4#*#:%*««o«atz 

mi i i^ftwwoiuawwu^fti-Aar^utt. a 

[0 0 4 5] 

40 K (light emitting diode : LED) ORS&ii^ 

12l±nfflGaN3>^^M, 1 3linMA 1 GaN 
?yvYm, 14(iGaN/InGaN/GaN^ibi 
2>&T-#pmx$>2> 0 1 5 lip MA 1 G a N«ifti£1ftl» 
lhJl^ 16lipSAlGaN^77KI, 1 7 iil^i 
1IT*$> ») > 18, 1 9 nitpWIS 
■C**o aW*miRl 7tLT(i. hJ^L^:^ 

[0 0 4 6] ^*ftiOg a B B ^IIiMOCVD (Meta 
50 l-0rganic Chemical Vapor Deposition) ^rfftflBLTv^ 
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[0 0 4 7] UtXtfAlt, 9 7H%Ar + 3ii%0 

0. 2 A, Kc^BE4 0 0 V. /<? ?y?<y > KEE* 
5. 0xl0- 4 PaO|frttS^/: o ^-^Ct 

1. 4 X 1 0- 1 P a Ufc^T 45frW*'* y ?£HSSL 

ti. »*^7XvHj6»j6^#f (i cp) u j: o raise 
[0049] tfc, &mwmmmmm^^x, ?£S5 

5 0 nm<7)7tOiSi§*t*^^ 0 Jt«#L<i#Jl . 8X1 
0" 3 n • cm. ±m&mi%}8 8-8 9%Oif9§*«IR 

[0 0 5 0] — LEDO^flliSOinXUfi. — « 

[0 0 5 1] ^MWOf&jfc^'f Komffi«l±#14 
tMILfci*, 2. 5 vm±^^ fi£*<fc *) t 

o. 5VJa±:, :£^±^mJ±rt ? M^L£c: 

tlfco eift«S£2 0mAtZi3tt^«ff«i2. 7 V 

tic**), n>?^ h«j£«:1B;T$-t*\ 0 

[0 0 5 2] 02 ( a ) ( b ) li, 2 CO 

ram* 2 1 {i-*7r >f7a£«T*>»K 2 2ii 

niGaN^^H, 2 3 ti n MmiffPl (^t^v 
;V) ffigA IGaN^77 KS. 2 4(iT> K-"/G a 
N**M KS, 25liInGaN/InGaN*^44 
l^Piti^o 2 6lipIGaN*^ Ki, 2 7 
lipIAlGaN^77Ki, 2 8 (ifliiSSt pll nS 

nZnOaW«R3>^^H-e*4 0 2 0 

K 2 0 2 <i^*l-P*U nltplOSIti^o 2 1 
0(i. ft«JB^U»*S*ifcaW*mil"e*0. Ga 
Ni22hAlGaN123 <h O^r" nft>£o|RU;:«i5# 
ttURIt<b*LTv>* 0 ^^*m^2 8(i > ::tW2 

oa***iRu»ai--6o JS^*m)K2 i o 

-TtlZm^Xiy^^o itz, 02 (b) UtfL^iJ:-? 
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ILt, nSGaN«2 2 0IMJSt»S'gi:Lt, Al 
70 GaN^777 K12 3^7T7^xt^^y-V ^f&fi g 

4 o 

[0 0 5 4] itW^fRJIS 2 8S^2 1 0 SrSttiv^fiE* 
O — FOL*Hi«**ftUU 5-6 k A/ c 
m 2 X$>*) y L ti, 7-8Vt*ot -ft 

20 (i. Ik A/ cm 2 T-abi}. L3^MI WE ti. 3. 4V 

t*»i3LTUfiTLfco -*U*. plUpIInSnZ 
nOmwmWM^y 9 ? M2 8&f8:lt*:^£UJ: 0 n 

1S(ii3V^T<)iSW*«IR2 1 0 SrKtt^Cii^J: G 
aNn>^^M2 2i:AlGaN^77Kl2 3^ 

j: -9 u& st£jf 2 5 u^— K^>-mnm-MM^& 

30 XZfl&frhXhho 

[0 0 5 5] ^Umtm^te^X i> , L£vMiS«SE3£K 

* 3cH t # If I" C t **-e § £ o 
[0 0 5 6] H3(i> *ftWO*3 0*tt«fca^*» 

[0057] -f*t>*>, mmitm^MLEDi^iL, 

i*32iinlGaN3>^^M, 3 3iinlAlG 
aN^7Kl, 3 4 (iT> K-^G a N^c^M K«. 
40 3 5 (i I n G a N/ I n G a N^^b ^^i^^JfT-* 
*o 3 6lipMG aNW KS, 37iipSAlGa 
N^77 Kg. 3 8 fiiSMKStp M I n S n Z n 0 : C 1 
zis9>? hmx$>t), 3 0 1 , 3 0 2 «i^<X-?tL, nffl 
tp«OtSt'*-5e 3 9li, nIGaNilCM? 

* i ois^*«^t^2 (ommmmmv^-rtizm^x 

[0 0 5 8] *^iPJUi3^tlt 32nIGaNSO 
— SB£, i^*, ^n^^f KVPE (Vapor Phase Epitax 

50 y) tCj;*3!£;gU *O&M0 C V D K «fc «K 
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7rl5:frlTGa N« 22-AlGaN^77 
K13 7S:«ftU f(7)i/N , 7 7 7i^STOCx7f 

eiSfitpHi nSnZnO:CU>^n 
138 tmWWMWkZ 9 *ftK«fc OffML^o 

fo»*igoMii, ±aLfc«i<T**o-c-e-ott 

[0 0 5 9] #*Jfc0O<OL ED^*8t*EE#te*ffMBL 
fcfe*, £)2. 4Vei*)±* f 0, J6*J:H0. 6V 

*%WUJ:*L(f, pfflCfiS}/LpIInSnZnO:C 
1 *>9? M3 8*Rlt, nICtjiTOII 
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